The specific and non-specific immune response after antirabies vaccination was studied in young dogs with altered immune functions suffering from endoparasitoses and compared with those in healthy dogs. The degree of the immunosuppression was confirmed by functional test of phagocytes and proliferation activity test of lymphocytes. The study indicates an association between parasitized animals, and a depression in the immune responses. Toxocara canis, Toxascaris leonina and Trichuris vulpis were the most prevalent parasite species. During the experiment no anthelmintic treatment was applied. In puppies suffering from immunosuppression significantly lower specific antibody level after antirabies vaccination was demonstrated on day 28. In such case of known immunosuppression it is recommended to repeat antirabies vaccination; primovaccination does not provide satisfactory protection. Anthelmintic preventive treatment may be necessary to improve the immune responses to antirabies vaccination and provide effective protection.
Introduction
Suppression of the immune system is very often found in association with infectious and parasitic diseases Švrèek 1997, Tizard 2000) . Immunosuppressive conditions can influence the effect of vaccination with the consequences on the protection of animals against infectious diseases (Maïar et al. 2003 , Mojžišová et al. 2004 . Rabies is a fatal infectious disease with high risk for transmission to humans. Therefore, it is common practice to immunize puppies. The vaccine usually provides satisfactory protection. Conditions affecting the efficacy of this vaccination must be diagnosed and treated prior to the procedure.
The aim of present study was to evaluate the phagocytic activity of leukocytes, proliferation activity of lymphocytes and production of specific antibodies after antirabies vaccination in immunosuppressed animals and to compare them to those of healthy animals.
Materials and methods
Animals: Group E consisted of 8 dogs of different breeds and sexes at the age of 4 months coming from a dog shelter, suffering from endoparasitoses (Toxocara canis, Toxascaris leonina and Trichuris vulpis) confirmed by parasitological coprological examination. Poor growth rate, weak body condition and diarrhea were observed in these dogs. Immunosuppression was suspected because of the origin and health status and was later confirmed by immunological tests (sampling 0). Group C consisted of 6 healthy puppies 4 months of age coming from private owners without signs of immunosuppression, which were all parasitologically negative. All the dogs (group E + C) were injected with a commercially available inactivated antirabies vaccine (Rabisin, Merial, France, lot N°L 102963) . Blood collection: Blood samples for immunological analyses were obtained on day 0 (before vaccination), day 7 and 28 after vaccination. Peripheral blood samples were obtained by v. cephalica puncture and placed into plastic tubes containing heparin for immunological tests and into glass tubes for evaluation of specific antirabies antibodies in serum.
Blastogenic response of blood lymphocytes to mitogens: Lymphocytes were separated from venous blood on the Ficoll density gradient (Pharmacia Biotech AB, Sweden). Cultivation (at 37°C and 5% CO 2 in humidified air for 96 h), mitogen stimulation and measurement of the blastogenic response of lymphocytes were performed using the ethidium bromid OEl¹ski Group E -experimental group (immunosuppressed dogs); group C -control group (healthy dogs); PA -phagocytic activity of leukocytes; PI -phagocytic index of leukocytes; SI -stimulation index of lymphocytes after Con A stimulation; statistical comparison group E vs group C: *** P<0.001; ns -non significant.
fluorescence method (Nakanishi et al. 1986a ). Concanavalin A (Con A, Sigma Chemical Co., USA) was used for stimulation in the optimum concentration 25 µg/ml. The level of the blastogenic response of the lymphocytes was expressed as the stimulation index (SI). The SI was calculated according to formula SI = (A -C)/(B -C), A = mean fluorescence intensity (FI) with mitogen, B = mean FI without mitogen, C = background. The FI was measured by a spectrofluorometer (Jasco FP-550, Japan) at Ex = 525 nm and Em = 600 nm. The phagocytic ability of blood leukocytes was examined using 2-hydroxyethylmetacrylate particles (MSHP, diameter 1.2 µm, ARTIM Prague, Czech Republic) (Vìtvièka et al. 1982) . The phagocytic activity (PA) of leukocytes was expressed as the percentage of the cells phagocytizing 3 and more MSHP. The phagocytic index (PI) represented the ingestion capacity of leukocytes (the ratio of the number of phagocytized MSHP and the number of all potentially phagocytizing leukocytes).
Antirabies antibody titers were determined by ELISA test developed in our laboratory with our own kit (Beníšek et al. 1989; Süliová et al. 1994) . In this test, anti-dog labeled antibody was used -RAD/IgG/Px (rabbit anti-dog IgG labeled with peroxidase) (Sigma, USA). The results are expressed in equivalent units (EU/ml) (WHO 1996) and were read from a calibration curve using reference control positive serum with a known concentration of antirabies antibodies. Control negative serum was included in the test.
Method of diagnosis: detection of eggs of endoparasites in feces by flotation methods according to Manual of Veterinary Laboratory Methods (1989) .
Statistical analysis: To compare parameters before and after vaccination in the same group; and to compare the groups to each other, ANOVA test (GraphPad InStat) was used.
Results
Results and their statistical comparison between group E and C are shown in Table I . Coprological examination revealed Toxocara canis, Toxascaris leonina and Trichuris vulpis in dogs of group E. Animals from group C were parasitologically negative. Phagocytic activity of leukocytes was significantly lower (P<0.001) in group E suffering from endoparasitoses at the beginning of the experiment comparing with the group C. Index of phagocytic activity of leukocytes at day 0 in group E was significantly lower (P<0.001) compared with the control group. The values of the phagocytic ability of leukocytes during the experiment did not significantly change in either group.
Stimulation index of lymphocytes stimulated with Con A in all animals from group E was significantly (P<0.001) depressed at the beginning of the observation. After vaccination (day 7 and 28) SI of the lymphocytes of all dogs (group E and group C) had increased. Although in group E this parameter was higher at day 28 comparing to day 0, it still did not reach value found in healthy animals (group C) after vaccination.
Before antirabies vaccination (day 0), the concentration of antirabies antibodies was in the range of 0-0.007 EU/ml meaning that the maternal antibodies had waned in this period and enables the induction of vaccination. Antirabies antibodies still did not appear 7 days after vaccination.
One month after the initial vaccination against rabies in healthy puppies (group C) antibody concentration had reached the protective level in the range from 1.005-16.600 EU/ml. In immunosuppressed puppies (group E) the concentration of antirabies antibodies 28 days after vaccination was unsatisfactory; 0.039-0.079 EU/ml is not high enough for protection against infection (Cliquet et al. 2000) .
Comparison of the immunological values before vaccination with those 28 days later in each group is shown in Table  II . Changes of phagocytic activity (PA) and phagocytic index (PI) in both groups were not significant during the observation. Stimulation index (SI) of lymphocytes has increased significantly comparing day 0 versus 7 (P<0.05), as well as day 0 versus 28 (P<0.001) in group E. In group C there was no significance in the values of stimulation index in either term of evaluation. Titer of specific antirabies antibodies significantly increased in group E comparing day 0 versus 28 (P<0.001), and day 7 versus 28 (P<0.001). Similarly, in group C titer of specific antirabies antibodies significantly increased comparing day 0 versus 28 (P<0.001), and day 7 versus 28 (P<0.001).
Discussion
Secondary immunodeficiency accompanying some infectious and parasitic diseases can negatively influence non-specific and specific immune response in animals. Any endoparasitosis may be associated with immunosuppression, in some cases as the consequence, in others as the cause of immunosuppression (Toman et al. 1998) . Clinical signs of the endoparasitoses include abdominal pain, diarrhoea, nausea, malabsorption, wasting (Flanagan 1992 For explanations see Table I. long time. During the subsequent pregnancy larvae are mobilized and migrate to the foetus, giving rise to prenatal infection (Soulsby 1982) . The pulmonary phase can be lethal in pups infected heavily before birth, death can occur within a week after birth, due to pneumonia and pulmonary oedema. Presence of adult worms in the intestine of puppies is associated with mucoid enteritis, partial or complete occlusion of the gut and its subsequent perforation and peritonitis. Toxascaris leonina is a non-migratory ascarid of dogs and of little pathological importance (Mehlhorn 2001) . Parasitic infection is usually limited by the host's immunocompetence and its effective defence mechanisms against parasites (Nash et al. 1987 , Flanagan 1992 . The capacity of parasites to survive and to persist in their hosts is a result of successful evasion of immune effectors mechanisms. Most parasites have developed multiple evasion strategies to circumvent both innate and acquired defence mechanisms of the host (Mehlhorn 2001) .
Marked immunosuppression in dogs with parasitoses was detected in a previous study (Toman et al. 1998) . The most frequent findings were decrease of total immunoglobulin concentration and neutrophil counts, while depressed phagocytosis and lymphocyte activity were less common. In our study marked alteration of the phagocytic ability in all the dogs with confirmed endoparasites was clearly demonstrated. The degree of proliferation activity of lymphocytes after their stimulation with mitogens was also altered. An association between endoparasitoses and immunosuppression was shown in our study. The real cause of this immunosuppression is unknown. As dogs were acquired from a shelter, poor nutrition and stress may have contributed to the alteration of the immune response. No anthelmintic treatment was applied in this group of puppies.
Vaccination response may be influenced by a variety of factors. Effects of environmental factors, stress, nutrition (Van Loveren et al. 2001) , chemotherapy (Henry et al. 2001) , surgery (Miyamoto et al. 1995) , and long-term antibiotic treatment (Mueller et al. 2002) on humoral and cellular immunity have been evaluated. Common vaccination procedure in dogs can cause changes in non-specific immunity. Vaccination against canine distemper and canine parvovirus caused enhanced lymphocyte blastogenesis and decreased lymphocyte and leukocyte count in puppies (Miyamoto et al. 1992 (Miyamoto et al. , 1995 . A positive effect of inactivated CPV vaccine on lymphocytes in puppies was used in order to improve immunosuppression after surgery . Other authors described mild short-lasting suppressive effect of vaccination on lymphocyte blastogenesis (Mastro et al. 1986 ). Phagocytosis and intracellular killing was not significantly modified by vaccination (Pratelli et al. 2000) . Our results confirm a stimulatory effect of antirabies vaccination on proliferative response of lymphocytes that was significant in both group of animals and more prominent at day 28 in group C.
In contrast to some previous studies (Henry et al. 2001 , Van Loveren et al. 2001 , Mueller et al. 2002 , where no significant differences in antibody response after vaccination between immunosuppressed or treated and fully immunocompetent animals were reported, our results show marked difference in the development of antirabies antibody response in dogs with alteration of some immunological parameters. Antirabies antibody titer measured by ELISA by WHO (1996) is considered protective at the level >1.0 EU/ml (Cliquet et al. 2000) .
This titer was not detected in immunosuppressed dogs in comparison to the control animals. From these results we can conclude that primovaccination against rabies in immunocompromised animals does not provide protection and we recommend in such animals a different vaccination scheme, to include booster vaccination or stimulation of the immune system at the time of vaccination with a suitable immunomodulator. According to the published data (Nakanishi et al. 1986b) , levamisole has been used to improve the immunosuppression. The effect of levamisole on the immunity is variable and depends on the dose, scheme of application and immunocompetence of the host (Mojžišová et al. 1997) . Combination of levamisole and vaccine in order to enhance the efficacy of protective vaccination was studied in healthy and immunosuppressed individuals (Forsyth and Wynne-Jones 1980 , Hogarth-Scott et al. 1980 , Švrèek et al. 1987 , Mojžišová et al. 2004 . Prior anthelmintic treatment may also benefit the efficacy of antirabies vaccination.
